INTRODUCTION
The interest in Jahn-Teller magnetic oxides is increasing due to a number of specific effects that can be simultaneously observed in these crystals, including colossal magnetoresistance and numerous structural and magnetic phase transitions driven by temperature, magnetic and electric fields, and pressure. The unusual properties of these compounds are deter mined by the strong mutual relationship of crystalline, charge, orbital, and magnetic structures. In recent years, extensive research has also been devoted to mul tiferroelectric compounds in which magnetic order coexists with spontaneous polarization.
Bismuth manganite BiMnO 3 has been treated in many investigations as a multiferroelectric compound [1] [2] [3] [4] [5] [6] . However, the results of recent experiments [7, 8] have shown that this ferromagnetic crystal belongs to the C2/c symmetry group, which excludes the exist ence of spontaneous polarization [5] [6] [7] [8] [9] . External fac tors (temperature, pressure) can alter the magnetic structure of BiMnO 3 crystals so as to stabilize antifer romagnetism [8, 9] . The nonstoichiometry of a crystal with respect to oxygen also strongly influences the crystalline and magnetic structures: an increase in the amount of oxygen ions leads to a change in the mag netic order from ferro to antiferromagnetic [10] .
It has been suggested that bismuth manganite, sim ilar to many rare earth manganites, possesses an orbital structure, competitive exchange interactions, and the related magnetic frustration [5] [6] [7] [8] . The present work was aimed at studying the effect of orbital ordering on the magnetic structure of BiMnO 3 in the presence of competitive exchange interactions. 1 The article is based on a preliminary report delivered at the 36th
Conference on Low Temperature Physics (St. Petersburg, July 2-6, 2012).
CRYSTALLINE AND ORBITAL STRUCTURES OF BiMnO 3
According to experimental data [7, 8] , the crystalline lattice of bismuth manganite belongs to the C2/c sym metry group. In this monoclinic group, the vectors of the main lattice periods are not mutually orthogonal. Exper imental data [8] are summarized in Tables 1 and 2 .
The crystalline lattice of BiMnO 3 is a distorted per ovskite structure, in which Mn 3+ ion in a octahedral environment has an orbitally degenerate 5 E ground state. In this case, the orbital degeneracy can be removed due to the Jahn-Teller effect [10] . The existence of an orbital structure in BiMnO 3 crystals was theoretically predicted [5] [6] [7] [8] . The ground state wavefunction on each manga nese ion has the following form [11] : (1) where and are the eigenfunctions and Φ n is the angle that characterizes the mixing of eigenfunc tions of the 5 E ground state of the nth ion of trivalent manganese.
The orbital structure will be described using a model of electron vibrational (vibronic) interactions as described by the following Hamiltonian [12, 13]:
(2) Let us consider partial contributions stipulated by this model. The main linear contribution from the near est neighbor oxygen environment of manganese ion can be written as However, if strong distortions of the crystalline lat tice of bismuth manganite are taken into account, lin ear contribution (3) may be insufficient to adequately describe the orbital structure. The strong influence on mixing angle Φ n of the wavefunctions can be produced by interactions of some other types. According to [12, 13, 15] , these are (i) interaction with nearest neighbors in the octahedral environment of higher orders: (4) where Q θn , Q εn are the symmetrized coordinates of e g type distortions of the nearest neighbor oxygen envi ronment of the nth Mn 3+ ion and Q xn , Q yn , Q zn are the symmetrized coordinates of t 1g type distortions of the 
where , are the symmetrized coordinates of e g type distortions of the next to nearest neighbor envi ronment (Bi 3+ ion sublattice) of the nth Mn 3+ ion. The constants of these additional exchange interac tions (V b , N e , ) have not been estimated, but their possible influence on the orbital and magnetic states of the crystal can be considered. Table 3 presents data for the symmetrized distortions of the environment of man ganese ions as calculated from experimental data [8] . As can be seen, t 1g type distortions are comparable with (or even greater than) e g type distortions and, hence, must also be taken into account in the adopted model.
Thus, it is possible to describe the mixing of ground state wavefunctions (1) either in an approxi mation of linear vibronic interaction with nearest neighbors using Φ n angles (with subscript n enumerat ing manganese ions) determined from the relations (6) or in an approximation admitting a greater number of interactions (2)-(5) using the angles determined from the relations 
